ABSTRACT: Thalassia testudinurn (Banks ex König) is an important primary producer in nearshore tropical marine ecosystems. In the past several years, mass mortality of T testudinum populations within the Flonda Bay estuary has highlighted the need to know more about levels of clonal variation and the spatial arrangement of genets within populations of this species. Historically, most of the reproduction within this species was thought to be through clonal growth, and populations have been assurned to exhibit little genetic diversity. We used DNA fingerprinting techniques and spatially hierarchical sampling to search for genetically distinct plants within T. testudinum meadows in Rabbit Key Basin, Florida Bay, USA. We detected 22 geneticaiiy distinct individuals out of 74 samples. Multiple genetic individuals were detected over small spatial scales (<0.25 m). Analysis of molecular variance (AMOVA) detected significant levels of variation at both the largest and smallest spatial scales studied. This result suggested that genets of this species generally do not grow in discreet monoclonal patches and that most genets are not large enough to Span the entire basin (-5 km). Further, analysis of genetic distances between phenotypes suggests a pattern of isolation by distance, with individuals that were nearer in space being more genetically s d a r . GIS analysis of seagrass density over the period from 1985 to 1994, combined with the clonal diversity data presented here, suggest seedlings may play a significant role in colonization of bare patches. These results irnply that the role of sexual reproduction in population structure within this species is greater than previously thought.
INTRODUCTION
Thalassia testudinum Banks ex König is the dominant seagrass species in nearshore waters of the Gulf of Mexico and Canbbean (Den Hartog 1970) . Like other seagrasses, this species plays a major role in the structure and function of the ecosystems it inhabits through creating 3-dimensional habitat, stabilizing Sediments, and providing surface area for epiphyte growth (Leber 1985 , Stoner & Lewis 1985 , Lewis 1987 , Kaehler & Hughes 1992 , Hall & Bell 1993 , Frankovich & Zieman 1994 , Murphey & Fonseca 1995 , Koch 1996 . The importance of T. testudinum and other seagrass ' Addressee for correspondence. E-mail: childers@fiu.edu species to the Systems which they dominate is generally agreed upon, yet we still have little understanding of the population structure and dynamics of this important primary producer.
The extent of Thalassia testudinum within the Florida Bay estuary is testimony to its importance: it has been estimated to make up 90% of the macrophyte standing crop within this system (Iverson & Bittaker 1986 , Zieman et al. 1989 ). In the past 10 yr, large scale die-offs have been observed in T. testudinum populations within Flonda Bay (Robblee et al. 1991) . While multiple potential causes of the die-offs have been investigated, no Single explanation for these events has been determined. This has led many researchers to speculate that several environmental Stresses working synergistically are responsible for die-off (Carlson et Mar Ecol Prog Ser al. 1994 , Durako & Kuss 1994 , Tornasko & LaPointe 1994 , Ziernan et al. 1994 . It has been further postulated that low genetic diversity within T. testudinum populations rnay have played a role in die-off by rendering T testudinum populations less resistant to disturbance (Schlueter & Guttman 1998) . The search for a cause for T. testudinum die-off in Florida Bay has thus highlighted the need to know more about how natural seagrass populations are structured.
Seagrasses in general are characterized by vegetative or clonal growth (Barrett et al. 1993 , Grace 1993 , Laushrnan 1993 . In Thalassia testudinum, clonal growth occurs through extension and branching of a horizontal rhizorne (Tomlinson 1974) . Through this type of growth, it is conceivable that individual plants may Cover very large areas. Identification of genetic individuals is cornplicated by the dense matnx of interconnected, underground horizontal rhizomes (Cook 1983) . Thus, the clonal growth form has obscured our understanding of seagrass population dynamics.
Thalassia testudinum is a dioecious rnonocot, capable of both vegetative and sexual reproduction. The predominance of sexual reproduction vanes both spatially and ternporally and is reportedly sporadic in some locations (Tomlinson 1969 , Williams & Adey 1983 , Durako & Moffler 1985 , van Tussenbroek 1994 , Witz & Dawes 1995 . Pollination within this species is cornpletely hydrophilous (Tomlinson 1969 , Cox 1993 . Pollen grains are covered with a sticky, mucilaginous film, and are released from flowers at the sediment surface, rnaking it unlikely that pollen travels far (Tomlinson 1969 , Cox & Tomlinson 1988 , Cox 1993 . At maturity, the fruits rnay be broken away from the plant and carned off by currents, or rnay Open while still attached to the plant, releasing the seeds which generally sink immediately but in some rnay cases rnay float for several hours before sinking back to the sediment (Orpurt & Bora1 1964 , Sculthorpe 1967 . Because the seeds rnay be buoyant, it has been suggested that they are prim.arily agents of dispersal and play only a small role in local population structure (van Tussenbroek 1994) . Additionally, measured seedling success rates are low, and this further confounds the irnportance of sexual reproduction to local population structure (Williarns & Adey 1983) .
Early studies of population genetics in seagrasses using enzyme techniques reported a general lack of diversity within the seagrass species (McMillan 1980 (McMillan , 1982 . Later, more thorough studies using allozyme analysis uncovered higher than previously expected levels of variation within populations of Posidonia australis (Waycott et al. 1997) , Posidonia oceanica (Capiomont et al. 1996) and Zostera marina (Harrison & Durance 1992 , Ruckelshaus 1996 . More recently, allozyrnes have been used to detect variation within Thalassia testudinum populations in the lower Florida Keys (Schlueter & Guttrnan 1998) .
While allozyrnes are excellent markers for sorne questions, molecular rnarkers are rnuch rnore variable and. thus, better for detecting differences between closely related individuals (Hayrnes 1994 , Parker et al. 1998 . Recent advances in DNA technology have made it easier to look at diversity at the rnolecular level. DNA fingerprinting techniques such as restriction fragment length polyrnorphisrns (RFLP) and randornly arnplified polymorphic DNAs (RAPDs) have been used to examine levels of clonal variation in several seagrass species (Alberte et al. 1994 , Waycott 1995 , Procaccini & Mazzella 1996 , Waycott et al. 1996 , Kirsten et al. 1998 . In these studies, the molecular data have uncovered large numbers of clones. In only 1 case to date do the molecular data not suggest higher than expected levels of diversity (Waycott et al. 1996) . The ease of using DNA fingerprinting techniques combined with their high information content rnakes these tools invaluable in discerning population structure of clonal plants. In this study, we used DNA fingerprinting techniques to investigate the degree of clonal diversity in the seagrass Thalassia testudinum within Flonda Bay. We investigated; (1) whether or not DNA fingerprinting could detect any clonal variability within these populations; and (2) the spatial scales at which this variability occurred. Additionally, we used die-off and recolonization maps generated frorn high-resolution satellite irnagery to search for temporal trends in clonal diversity and to address the possibility of a link between clonal diversity and seagrass die-off.
METHODS
Study area. Sarnples were collected from within Rabbit Key Basin in the western region of Florida Bay, USA (Fig. 1) . Rabbit Key Basin is a relatively large basin (approx. 25 km2) with an average depth of 1.5 m that is surrounded by shallow carbonate mudbanks. We chose Rabbit Key Basin for this study because Thalassia testudinurn die-off events have been well docurnented in this basin (Robblee et al. 1991) .
Sample collection. We utilized a probability based random sarnpling design sirnilar to that of the Environmental Protection Agency's Environmental Monitonng and Assessment Program (EMAP); (Stevens 1994, S. Liebowicz, EPA. pers. comm.) We overlaid a chart of Rabbit Key Basin with a hexagonal sampling grid designed such that 10 hexagons covered essentially the entire area of the basin (Fig. 2) . One sarnpling point was identified in each of the 10 hexagons by randomly selecting longitude and latitude coordinates. This type of design was chosen to avoid the potential for spatial Fig. 1 . Flonda Bay. Grey areas represent shallow mudbank. All samples analyzed in this study were collected from within Rabbit Key Basin (RKB) clustering that is inherent in randomly assigned site locations.
After locating each sampling site with GPS, we quantified Thalassia testudinum short shoot density by randoinly placing ten 0.0625m2 quadrats in the vicinity of the sampling point and counting all short shoots within each quadrat. The 10 measurements were averaged to generate a mean density value for each location. To collect tissue for genetic analysis, two 0.0625 m2 quadrats were thrown haphazardly from the randomly selected point. The distance between the 2 quadrats was measured. Straight-edged shovels were then used to remove the sediment plug from within each quadrat. The plugs were nnsed to remove sedirnent from the root/rhizome matrix and the individual rhizomes were carefuiiy teased apart. From each plug we coiiected 5 rhizomes that were not connected to each other within the area of the plug, and harvested their attached short shoots for genetic analysis. The 100 (10 hexagons X 2 quadrats X 5 rhiZornes) total rhizomes that were collected in this manner are hereafter referred to as 'potential individuals'. Sample processing. The short shoots were scraped carefully to remove epiphytes and DNA was extracted from them using a nuclear extraction technique designed for plants that are high in phenolic compounds (Weising et al. 1995) . This method involves first isolating the nuclei and then extracting DNA from them. We found that nuclear extraction was necessary due to the large amounts of phenolic compounds found in Thalassia testudinum, which caused contamination problems with standard DNA extraction techniques. When these phenolic compounds come into contact with the DNA, they render it unamplifiable. Only leaf tissue was used in the extraction procedure. All samples were stored at -20°C in 1 X TE Buffer (0.01 M Tris, 0.001 M EDTA, pH 8.0) until use (up to 5 mo).
We used the inter simple sequence repeat (inter-SSR) DNA fingerprinting technique (Zietkiewicz et al. 1994) . This method takes advantage of microsatellites, also known as simple sequence repeat (SSR) DNAs, which are a class of repetitive DNAs that occur frequently in most eucaryotic genomes (Tautz 1989 , Weising et al. 1991 , Hughes & Queller 1993 , Morgante & Olivien 1993 . Use of a Single complementary primer wiii cause amplification of the intervening region when 2 microsatellites occur within an amplifiable distance of each other and on opposite strands. We compared amplification products of 3 of the repeat sequences presented by Zietkiewicz et al. (1994) as well as 4 others (Table 1) between samples from Bermuda and samples coiiected in Florida and chose the 2 primers that identified the most variation for further use in this experiment (Primers 2 and 4). In order to test the utility of the inter-SSR technique, we first amplified a set of 10 samples (all samples from 1 of the collection locations), 4 times independently. To test for somatic variability we then amplified multiple samples that were collected from along the Same rhizome.
The 2 pnmers used in this study were end-labeled using y3*P ATP (6000 Ci mmol-I; NEN) and T4 polynucleotide kinase (New England Bio Labs) and used to screen the 100 potential individuals collected from our Rabbit Key Basin sites. All amplifications were performed in 25 pl volumes with 2 units Taq DNA polymerase (Promega), l x Thermophiiic Buffer (Promega, from 10x stock containing 500 mM KC1, 100 mM TrisHCl pH 9.0, and 1 % Triton X-100), 1.5 mM MgCla 0.6 pM primer (synthesized by Life Technologies), 0.4 pM radio-labeled primer, 2.0 nM dNTP (Promega) and 50 ng of template DNA. PCR reactions were performed in a n MJ Research PTC-200 thermocycler with a n initial denaturation of 3 min at 95°C followed by 30 cycles of 95°C for 30 s, 50°C for 30 s, 72°C for 1 min, foiiowed by a final extension step of 72°C for 10 min. Arnplification products were separated on 72 cm 5 % polyacrylamide gels. Electrophoresis was carned out Zietkewicz et al. (1994) I Primer no. Sequence
at 10 W for 9 h in l x TBE (0.89M Tris-HC1, 0.89 M boric acid, 2.0 mM EDTA, pH 8.0) on a Bio-Rad Sequi-Gen sequencing cell. The gels were dried and exposed to X-ray film for a period of 24 h before the film was developed. All potential individuals were scored for presence/absence of polymorphic bands by assigning a 1 if the band was present and a 0 if it was absent. No questionable bands were scored. The stnng of ones and Zeros that resulted from amplification with both primers was interpreted as the molecular phenotype of each individual. Statistical analysis. We calculated pairwise genetic distances between all pairs of potential individuals using the distance metnc suggested by Excoffier et al. (1992): where 6$ = the squared distance between potential individuals X and y, X = the banding pattern of individual X, y = the banding pattern of individual y, and S = the total number of loci for which the individuals were scored. The values generated thus represented a Count of the number of loci at which the 2 potential individuals differed. The genetic distance values were plotted against geographic distances between samples.
The phenotypic data were also analyzed using the analysis of molecular vanance (AMOVA) technique to look for spatial structuring in the dataset (Excoffier et al. 1992 ). The AMOVA is an adaptation of the more common ANOVA for binary data and allows for inferences about population structure from a distance matnx of molecular phenotypes (Huff et al. 1993 , Peakall et al. 1995 , Stewart & Excoffier 1996 . We used the AMOVA program in a more qualitative way to analyze the dataset based on phenotypic variation without making any assumptions about genetic distances between individuals.
When used in this way, AMOVA is essentially an hierarchical ANOVA that determines the amount of variation within a dataset that occurs at each of 3 hierarchical levels: (1) variation among regions; (2) vanation among populations within regions; and (3) vanation among individuals within populations. We defined a 'region' as a hexagonal sampling gnd, a 'population' as our individual sample quadrats, and 'populations within regions' as our paired quadrats within each hexagonal region. Thus, variation apportioned to the 'within population' level meant that there were multiple phenotypes identified within a single quadrat.
Using seagrass coverage maps from high resolution satellite images (10 to 30 m) processed in ARCINFO, we were able to reconstruct the die-off history of Rabbit Key Basin (Florida Bay Monitonng Project, 1998). Data from ARCINFO were classified into 3 density categones: (1) dense coverage (>70 %); (2) moderate coverage (20 to 70%); and (3) sparse coverage (<20%). Coverage maps were generated for each of the 4 yr that satellite images were available : 1985, 1988, 1990, and 1994 and the 10 locations that we sampled within Rabbit Key Basin were identified on each of the coverages. Through the use of these coverage maps, we were able to determine which sampling sites had never been affected by die-off, which sites had been completely denuded of seagrass cover but since recolonized, and which sites died off but did not recover.
RESULTS
Even after the nuclear isolation procedure, we found that some samples could not be amplified. Of the 100 samples that we collected, 74 amplified consistently and thus were included in the final dataset. The nonamplifiable samples were randomly distributed among the different sampling regions. In comparing the banding patterns of multiple amplifications of the Same 10 potential individuals, we found no among-run variability. Further, banding patterns of multiple shoots from the Same rhizome showed no evidence of somatic mutation along a rhizome. These results suggested that inter-SSR is a repeatable and reliable method for differentiating genetic individuals of Thalassia testudin um.
Of the 20 total quadrats we sampled, only 2 were not represented in the final dataset. The primer (GA)8HC produced 16 easily identifiable bands. Of these, 8 were found to be polymorphic across the dataset. None of these 8 polymorphic loci were detected in fewer than 2 different hexagonal regions. The second primer, (CA)8RG, identified 2 additional polymorphic loci (out of 9 total bands) in 46 of the 74 samples; the remaining 28 samples did not amplify with this primer. These 28 samples included all samples collected from Regions 1, 2 and 4, and thus the variation we present for these areas is slightly more conservative than that presented for samples from the other regions. Table 2 Analysis of banding Patterns yielded 22 unique multilocus fingerprints among the 74 possible individuals. Of the 22 phenotypes identified, 6 (27 %) were unique (detected only once). Because some individuals were detected multiple times and some only once, an understanding of the diversity in this dataset is dependent upon an understanding of the frequency with which each of these phenotypes occurs (Fig. 3, Table 2 ). All hexagonal regions were represented by at least 2 phenotypes. Additionally, in most cases, the paired quadrats within a region shared some of the Same phenotypes. In all but 1 case, the Same phenotype was identified in multiple samples from the Same quadrat despite our attempts to collect separate rhizomes. Of the 18 quadrats represented, we did not detect variation in 3.
Of the 22 phenotypes identified, 3 occurred in multiple hexagonal regions (Fig. 3 ). Of these, 2 (phenotypes 1 and 2) occurred in 3 regions and 1 (phenotype 5) occurred in 2 regions. When a phenotype occurred in more than 1 region, the regions in which it occurred were always adjacent to each other except in the case of phenotype Primer 1 which was found in Regions 1, 2 and 6. All 3 phenotypes that were detected in multiple hexagonal regions were among the samples that did not amplify with the second primer. Thus, it is likely that the detection of a phenotype in multiple regions nlay actually represent multiple closely related individual~ that could not be distinguished with the low level of resolution used here. We feel that had these samples amplified with the second pnmer, they would represent multiple phenotypes. AMOVA was also conducted on this dataset (Table 3 ). Bartlett's test did not refute the assumption of homogeneity of variance (p 0.009). This analysis detected significant levels of variation at both the quadrat and hexagon levels (p < 0.009 in both cases) but very little of the variation was attnbuted to the paired quadrat level and this result was not significant (p = 0.306). In the meadows sampled here, over half of the vanation ( 5 4 % ) occurred at the smallest spatial scale while a large percentage (43%) also occurred at the largest spatial scale. These results indicate that multiple genetically distinct individuals occurred within the area of a single quadrat. Additionally, the large percentage of variation attributed to the largest spatial scale indicates that there is population structuring at this level. In other words, most phenotypes did not occur in multiple hexagonal regions.
To investigate genetic variation within these samples in a more quantitative way, we analyzed a matnx of pairwise genetic distances between all 22 phenotypes identified within Rabbit Key Basin (Table 4) . These genetic distances were plotted against the geographic distances between sampling points to test for evidence of a spatial relationship (Fig. 4 ) . Field measurements of geographic distance were: (1) 25 cm as the within quadrat distance (we did not measure the actual distance between individual rhizomes within each quadrat and thus, for this analysis, we assigned a distance value of 25 cm to all samples at this level as that was the maxirnum possible separation); (2) the distance between the randomly thrown paired quadrats within each region (1.0 to 16.5 m); and (3) distances between the general sampling points within each hexagonal region (based on calculation from GPS coordinates). The data plotted as 3 spatial clusters (Fig. 4 ) . The genetic distance value plotted for each point was the greatest obsemed genetic distance between all combinations of phenotypes that occurred at the 2 points being compared. A linear regression detected a significant effect (p < 0.001, r2 = 0.602) of geographic distance on mean genetic distances among individuals. Scheffels multiple comparison test showed that genetic distance values at the hexagonal scale were significantly greater than genetic distances at the quadrat and paired quadrat scales. Thus, individuals that were separated by kilometers had a significantly greater genetic distance than individuals separated by less than 16.5 m. After Square root transformation of the data to achieve homogeneity of variances, ANOVA detected significant differences in measured short shoot densities (p < 0.001) between sampling locations (Table 5) . Average density values ranged from 139 to 766 short shoots m-2. Average short shoot densities within the basin increased from west to east. These measured densities, which were recorded in 1997, corresponded reasonably well to the 1994 density values assigned to each location in the ARCINFO coverage map from that year (Table 6 ). Thus, there doesn't appear to have been any drastic change in seagrass Cover within the areas that we sampled over the past 3 yr. An exception was Hexagon 10 which had the highest density Score in our dataset yet received only a Scheffe's paired comparisons --P was small.
moderate (20 to 70% coverage) ranking in 1994. This discrepancy suggests that Region 10 has continued to recover from die-off since 1994.
To test for a relationship between clonal diversity and known recent history of seagrass die-off, we related trends in seagrass coverage within Rabbit Key Basin to measured levels of clonal diversity. We first used Simpson's diversity index (Simpson 1949 ) to convert our moleciilar phenotype data into a measure that accounted for our uneven sample sizes (caused by the fact that some samples were not amplifiable) and to account for the proportional abundance of each phenotype we encountered. Thus, this value describes diversity in terms of the number of different phenotypes detected and in terms of the abundance of each phenotype in any given region. These data were then compared to the 4 historical seagrass coverage values determined for each site (Table 6 ). Sites 1 and 3 were excluded from this analysis because they did not fall within the area of the coverage maps. Sites 2 and 4 were also excluded because they did not amplify with the second pnmer and thus could not be compared directly with the rest. Among Regions 5 to 10, coverage histories and intensities of die-off were variable. There was no apparent trend in these data; however, the region that exhibited the most intense die-off (Region 10) had the greatest diversity value. Region 10 was also the site with the greatest measured short shoot density at the time of sampling. Notably, a weak positive rela-
DISCUSSION
Our results indicated that the Thalassia testudinurn meadow in Rabbit Key Basin consists of multiple individuals or clones. A single primer detected 14 unique multi-locus phenotypes among 74 individuals. When 2 primers were used, the number of unique phenotypes increased to 22. The fact that addition of a second prirner resulted in a substantial increase in vanability suggests that there are likely to be greater levels of vanability within this population than we were able to show here. Thus, we feel confident that the minimal level of clonal diversity we observed is conservative for this area.
That this meadow is composed of multiple indimduals is not surprising based on recent findings in Thalassia testudinurn as weii as for other seagrass species (Harrison & Durance 1992 , Alberte et al. 1994 , Waycott 1995 , Capiomont et al. 1996 , Procaccini & Mazzella 1996 , Ruckelshaus 1996 , Waycott et al. 1996 , Waycott et al. 1997 , Kirsten et al. 1998 , Schlueter & Guttman 1998 ). The spatial scale at which variation was detected, however, was somewhat unexpected. AMOVA apportioned almost half of the vanability in the data at the smallest spatial scale (<25 cm.) (Table 3 ). This variability translated to 4 unique phenotypes out of 5 samples in 1 quadrat and at least 2 phenotypes in all but 3 of the 18 quadrats sampled (Table 2 ). These findings suggest that even at very small scales, T testudinurn in Rabbit Key Basin usually does not grow in monoclonal patches. Instead, individuals grow very closely intertwined with each other. AMOVA also apportioned much of the variability at the largest spatial scale, which is on the order of kilometers. The fact that s a m~l e s from different small and non-significant portion of the variability in the data was apportioned to the intermedlate level, reflecting that phenotypes detected in one of the paired quadrats within a region were also commonly detected in the other nearby quadrat from that same region. The significant positive relationship between genetic distance and geographic distance suggests a pattern of isolation by distance (Slatkin 1993) . In simple terms this relationship means that individuals that are closer together in space are more likely to be genetically similar. This type of relationship is expected in individuals with limited dispersal abilities (Slatkin 1993) . If a population is panmictic then there should be no such relationship because an individual would be just as likely to mate with a distant individual as with a proximal individual. Additionally, no such relationship would be expected if dnft material in the form of seeds or rhizome fragments played a large role in population structure because these would be distnbuted randomly in space. In this analysis we found no significant differences in levels of genetic distance between individuals that were separated by less than 16.5 m (this was our greatest between quadrat distance). However, there was an obvious increase in genetic distance values that occurred somewhere between the 10 and 1000 m spatial scales (Fig. 4) . While multiple genets occur over small spatial scales, they are closely related and, thus, Thalassia testudinum appears to exist in patches of 'families'. These results suggest a larger role of sexual production in structunng the local population than was previously believed. It appears from the data presented here that at least some seeds settle in the local meadow in which they are produced.
In a recent study of Thalassia testudinum diversity in the lower Florida Keys, Schlueter & Guttman (1998) also found relatively high levels of diversity. Using ailozyrne electrophoresis, they detected evidence of high levels of gene flow within local populations of T testudinurn, and gene flow was found to decrease with distance. These results, like our own, suggest population structunng. In another recent survey of genetic diversity in Thalassia testudinum populations in Florida, Kirsten et al. (1998) detected higher than expected levels of variation using RAPD fingerpnnting. Populations separated by only 2 to 3 km were found to be genetically distinguishable. These results agree with our finding of population structunng within the area of Rabbit Key Basin. Further, Kirsten et al. (1998) detected different clones at sampling sites separated by as little as 10 m. Our study, however, is the first to detect vanation in plants separated by less than 0.25 m.
We expected that our comparisons between historical seagrass coverage and current clonal diversity levels might uncover a relationship between seagrass dieoff and population structure. In areas characterized by decreased coverage over the last decade, for example, we expected to observe a decrease in clonal diversity as specific clones died. On the other hand, we expected that drastic increases in coverage after a die-off event represented recolonization events, either by seeds or vegetative growth. For the most part we were not able to detect any trends in clonal diversity as sample sizes for this analysis tvere small. It is interesting, however, to note that Region 10 had not only the highest short shoot density measured in the study (Table 5) but also the highest Simpson's diversity value (Table 6) . Region 10 includes an area of Rabbit Key Basin with one of the largest and most severe die-off patches as of 1991. This 1 die-off patch encompassed approximately 63 hectares and, within it, the sediments were completely denuded of cover (Robblee et al. 1991) . This is the only one of our sites which received a rating of S (sparse, 20% cover) at any time over the 9 yr period covered by the sateilite images (Table 6 ). The fact that this site is now one of the most diverse, in terms of numbers of genetically distinct clones, suggests that sexual reproduction and seedlings must have played a role in recolonization.
As stated above, the levels of genetic diversity detected in this study are extremely conservative. We believe that an increased number of markers would reveal greater levels of diversity and, thus, the cases where the Same genets are found in different hexagonal sampling regions in this study would probably not occur. The fact that, in all but 1 case, there was repetition of genotypes sampled within each quadrat (despite our efforts to collect rhizomes that were connected) and between paired quadrats tvithin each region, is indicative of the growth Pattern of these highly clonal plants. A single genet is capable, via rhizome branchng and growth, of spanning an area on the order of 25 cm across (and in many cases on the order of 10 m); however, genets generally do not appear to exist exclusive of other individuals in an area of this size. Thus, while these data show that sexual reproduction probably plays a much larger role in population structuring than was previously thought, we are not discounting the dorninance of vegetative propagation.
Understanding population structure within seagrass meadows is crucial to understanding ecosystem-level fluctuations in these Systems. This work was intended to be a preliminary step in describing the population structure of Thalassia testudinum in Flonda Bay. Continued studies in this area combined with further advances in molecular technology will vastly increase our knowledge of population structure within clonal plant populations and facilitate predictions of population dynamics within these important primary producers.
